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permeable membrane due to diffusion between metals. 
SOLUTION: A hydrogen permeable membrane 234 is provided 
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which comprises a metallic base layer La comprising a group VA 
element, two metallic intermediate layers Lbl, Lb2 separately 
formed on both faces of the metallic base layer La and 
comprising an element selected from Ni and Co, and two 
metallic coating layers Lcl, Lc2 separately formed on the 
metallic base layer- free faces of the two metallic intermediate 
layers and comprising Pd. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The metal base layer which is the hydrogen permeable fihn which makes hydrogen penetrate 
alternatively, and contains VA group element, With the metal interlayer containing the element which was 
formed at least m one side of the two fields of said metal base layer, and was chosen from the inside of 
nickel (nickel) and Co (cobalt) The hydrogen permeable film characterized by having the metallic-coating 
layer which is formed in the field in which said metal base layer is not formed between two fields of said 
metal middle class, and contains Pd (palladium). 

[Claim 2] It is the hydrogen permeable film with which said metallic-coating layer is formed in the field in 
which said metal base layer of said two metal middle class is not formed, respectively by being a hydrogen 
permeable film according to claim 1, and forming said metal middle class in the both sides of said two fields 
of said metal base layer, respectively. 

[Claim 3] It is a hydrogen permeable film containing said selection element more than a solid-solution limit 
[ in / near the interface with said metal interlayer / at least / it is a hydrogen permeable film according to 
claim 1, and / in said metal base layer / the service temperature of said hydrogen permeable film ]. 
[Claim 4] It is the hydrogen permeable film with which it is a hydrogen permeable film according to claim 
3, and said metal base layer contains said selection element by almost uniform concentration distribution 
along the thickness direction. 

[Claim 5] It is the hydrogen permeable film with which it is a hydrogen permeable film according to claim 
3, and said metal base layer contains said selection element only near an interface with said metal interlayer. 

[Claim 6] It is a hydrogen permeable film containing said VA group element more than a solid-solution 
limit [ in / near the interface with said metal base layer / at least / it is a hydrogen permeable film according 
to claim 1 , and / in said metal middle class / the service temperature of said hydrogen permeable film ]. 
[Claim 7] It is the hydrogen permeable film said whose VA group element it is a hydrogen permeable film 
according to claim 1 , and is V (vanadium). 

[Claim 8] The process for which the metal base layer which is the approach of manufacturing the hydrogen 
permeable film which makes hydrogen peneti-ating alternatively, and contains (a) VA group element is 
prepared, (b) The process which forms the metal interiayer containing the element chosen at least as one 
side of the two fields of said metal base layer fi-om the inside of nickel (nickel) and Co (cobalt), (c) The 
manufacture approach characterized by having the process which forms the metallic-coating layer 
containing Pd (palladium) in the field in which said metal base layer is not formed between two fields of 
said metal middle class. 

[Claim 9] It is the manufacture approach including the process at which it is the manufacture approach 
according to claim 8, and said process (c) forms said metallic-coating layer in the field in which said metal 
base layer of said two metal interiayers is not formed including the process at which said process (b) forms 
said metal mteriayer in the both sides of said two fields of said metal base layer, respectively, respectively. 
[Claim 10] It is tiie manufacture approach including the process at which it is the manufacture approach 
according to claim 8, and said process (b) heat-treats the group by which said metal interiayer was formed 
on said metal base layer at the temperahire more than the service temperature of said hydrogen permeable 
film. ^ o f 

[Claim 1 1] Said metal base layer which is tiie manufacUire approach according to claim 8, and is prepared in 
said process (a) is the manufacture approach which contains said selection element by almost uniform 
concentration distribution along the thickness direction. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a hydrogen permeable film 
[0002] 

[Description of the Prior Art] The fuel cell system is equipped with a fuel cell, the fuel gas feed zone which 
supplies the fuel gas which contains hydrogen gas in a fuel cell, and the oxidation gas supply section which 
supplies the oxidation gas which contains oxygen gas in a fuel cell. There are the approach of supplying the 
stored hydrogen gas directly and the approach of manufacturing and supplying hydrogen gas fi-om 
hydrocarbon system compounds, such as a methanol, as supply approach of fuel gas. In adopting the latter 
approach, it equips the fiiel gas feed zone with the reforming section for reforming a hydrocarbon system 
compound to hydrogen gas. 

[0003] In the reforming department, other gas is usually generated with hydrogen gas. For this reason, in a 
fuel gas feed zone, in order to extract hydrogen gas from the mixed gas generated in the reforming section, a 
hydrogen permeable film may be used. 
[0004] 

[Problem(s) to be Solved by the Invention] In JP,1 1-276866, A, the hydrogen permeable film with which Pd 
(palladium) enveloping layer was formed in both sides of V (vanadium) base layer is indicated. However, in 
this hydrogen permeable film, there was a problem that hydrogen permeability ability will fall, by the 
counter diffusion of V and Pd. 

[0005] Moreover, at JP,7- 185277, A, it is Si02 between V base layer and Pd enveloping layer. The hydrogen 
permeable film between which the interlayer was made to intervene is indicated. Diffusion between V and 
Pd can be reduced in this hydrogen permeable film. However, ceramic interlayers, such as Si02, had the 
problem that hydrogen permeability ability was low. 

[0006] This invention is made in order to solve an above-mentioned technical problem, and it aims at 
offering the technique in which the fall of the hydrogen permeation property by diffusion between the 
metals of a hydrogen permeable film can be reduced. 
[0007] 

[The means for solving a technical problem, and its operation and effectiveness] In order to solve a part of 
above-mentioned technical problem [ at least ], the equipment of this invention The metal base layer which 
is the hydrogen permeable film which makes hydrogen penetrate alternatively, and contains VA group 
element. With the metal interlayer containing the element which was formed at least in one side of the two 
fields of said metal base layer, and was chosen fi-om the inside of nickel (nickel) and Co (cobalt) It is formed 
in the field in which said metal base layer is not formed between two fields of said metal middle class, and is 
characterized by having a metallic-coating layer containing Pd (palladium). 

[0008] Said metal middle class is formed in the both sides of said two fields of said metal base layer, 
respectively, and said metallic-coating layer may be made to be formed here in the field in which said metal 
base layer of said two metal middle class is not formed, respectively. 
[0009] In addition, "VA group" is also called "five groups." 

[0010] An above-mentioned metal base layer and an above-mentioned metal interlayer have the solid- 
solution limit mutually in the service temperature of a hydrogen permeable film. For this reason, diffusion 
between the metal base layers and metallic-coating layers which could control the counter diffusion between 
a metal base layer and the metal middle class, consequently minded the metal middle class can be reduced. 
Therefore, it becomes possible to reduce the fall of the hydrogen permeation property by diffusion between 
the metals of a hydrogen permeable film. 
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[001 1] As for said metal base layer, in above equipment, it is desirable that said selection element more than 
the solid-solution limit in the service temperature of said hydrogen permeable film is included near the 
interface with said metal interlayer at least. 

[0012] Here, a "solid-solution limit" means the maximum concentration (saturated concentration) of the 2nd 
element which can be added in a certain temperature in the solid-state which consists of the 1st element, and 
solid-solution limits differ according to temperature and the class of two elements. 

[0013] When the selection element is spread as mentioned above in a metal base layer, it can control that a 

selection element is spread in a metal base layer by use after a hydrogen permeable film. For this reason, it 

becomes possible to control that hydrogen permeability ability falls with time. 

[0014] In addition, said metal base layer may contain said selection element by almost uniform 

concentration distribution along the thickness direction, and may contain said selection element only near 

the interface with said metal interlayer. Here, almost uniform concentration distribution means the 

distribution to which the concentration value of the selection element in each field in a metal base layer 

turns into about 90% or more of the greatest concentration value along the thickness direction. 

[0015] As for said metal middle class, in above equipment, it is desirable that said VA group element more 

than the solid-solution limit in the service temperature of said hydrogen permeable film is included near the 

interface with said metal base layer at least. 

[0016] When VA group element is spread as mentioned above in a metal interlayer, it can control that VA 
group element is spread in a metal interlayer by use after a hydrogen permeable film. For this reason, it 
becomes possible to control that hydrogen permeability ability falls with time. 

[0017] In addition, as for said VA group element, it is desirable that it is V (vanadium). It is also possible to 
replace with this and to use Nb (niobium) and Ta (tantalum). 

[0018] The process for which the metal base layer which the approach of this invention is an approach of 
manufacturing the hydrogen permeable film which makes hydrogen penetrating alternatively, and contains 
(a) VA group element is prepared, (b) The process which forms the metal interlayer containing the element 
chosen at least as one side of the two fields of said metal base layer fi-om the inside of nickel (nickel) and Co 
(cobalt), (c) It is characterized by having the process which forms the metallic-coating layer containing Pd 
(palladium) in the field in which said metal base layer is not formed between two fields of said metal middle 
class. 

[0019] Here, said process (b) may include the process at which said process (c) forms said metallic-coating 
layer in the field in which said metal base layer of said two metal interlayers is not formed, respectively 
including the process which forms said metal interlayer in the both sides of said two fields of said metal 
base layer, respectively, 

[0020] If this approach is adopted, the hydrogen permeable film which is equipment of this invention can be 
manufactured. 

[0021] As for said process (b), in the above-mentioned approach, it is desirable to include the process which 
heat-treats the group by which said metal interlayer was formed on said metal base layer at the temperature 
more than the service temperature of said hydrogen permeable film. 

[0022] If it carries out Hke this, a metal base layer will contain the selection element more than the solid- 
solution limit in the service temperature of a hydrogen permeable film near the interface with a metal 
interlayer at least. Moreover, the metal middle class will contain VA group element more than the solid- 
solution limit in the service temperature of a hydrogen permeable film near the interface with a metal base 
layer at least. Therefore, in case a hydrogen permeable film is used, while being able to control that a 
selection element is spread in a metal base layer, it can control that VA group element is spread in a metal 
interlayer. For this reason, it becomes possible to control that hydrogen permeability ability falls with time. 
[0023] Or you may make it said metal base layer prepared in said process (a) contain said selection element 
by almost uniform concentration distribution along the thickness direction in the above-mentioned approach. 

[0024] If such a metal base layer is prepared, in case a hydrogen permeable film will be used, it becomes 
possible to control that can control that a selection element is spread, consequently hydrogen permeability 
ability falls with time into a metal base layer. 
[0025] 

[Other modes of invention] This invention is realizable in various modes, such as equipments, such as a fiiel 
cell system which used the hydrogen permeable film, and a mobile in which this fiiel cell system was 
carried, and a hydrogen refiner using a hydrogen permeable film. 
[0026] 
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[Embodiment of the Invention] A. Explain the gestalt of fuel cell system:, next operation of this invention. 
Drawing 1 is the explanatory view shov/ing the outline configuration of the fuel cell system in the operation 
gestalt of this invention. This fuel cell system is equipped with a fuel cell 100, the fuel gas feed zone 200 
which supplies the fuel gas which contains hydrogen gas in a fuel cell, and the oxidation gas supply section 
300 which supplies the oxidation gas which contains oxygen gas in a fuel cell. In addition, a fuel cell 1 00 is 
comparatively small and is a fuel cell of the solid-state macromolecule mold which is excellent in generating 
efficiency. 

[0027] The fuel gas feed zone 200 ( drawing 1 ) generates the fuel gas containing hydrogen gas, and 
supplies it to a fuel cell 100. The fuel gas feed zone 200 is equipped with the raw material tank 212, a water 
tank 214, two evaporators 222,224, fuel gas generation sections 230, combustion sections 240, and 
condensers 250. In addition, the methanol is stored in the raw material tank 212. 

[0028] The 1st evaporator 222 evaporates the mixed liquor introduced fi-om the raw material tank 212 and 
the water tank 214, and supplies the mixed gas (it is hereafter called "material gas") of a raw material and 
water to the fuel gas generation section 230. The 2nd evaporator 224 evaporates the water introduced fi-om 
the water tank 214, and supplies a steam to the fuel gas generation section 230. 
[0029] The fuel gas generation section 230 is equipped with the reforming section 232, a hydrogen 
permeable film 234, and the extract section 236. Drawing 2 is the explanatory view showing an example of 
the fuel gas generation section 230. The fuel gas generation section 230 is unified and the hydrogen 
permeable film 234 is inserted into the reforming section 232 and the extract section 236 so that it may 
illustrate. Material gas is supplied to the reforming section 232 fi-om the 1st evaporator 222, and the steam is 
supplied to the extract section 236 from the 2nd evaporator 224. 

[0030] The reforming section 232 is supporting the catalyst which advances a reforming reaction. As a 
catalyst, a CuO-ZnO system catalyst and a Cu-ZnO system catalyst can be used, for example. In the 
reforming section 232, the chemical reaction (reforming reaction) shown in the following formula (1) and a 
formula (2) carries out sequential advance, and the mixed gas containing hydrogen gas is generated. And in 
the whole reforming section, the reforming reaction shown in a formula (3) advances. 
[0031] 

CH30H -> CO+2H2 - (1) 
C0+H20 -> C02+H2 - (2) 
CH30H+H20 -> C02+3H2 - (3) 

[0032] A hydrogen permeable film 234 separates hydrogen gas from the mixed gas (namely, material gas, 
carbon monoxide gas, choke damp, hydrogen gas, etc.) contained in the reforming section 232 interior by 
making hydrogen gas penetrate alternatively. In addition, about a hydrogen permeable film 234, it mentions 
later further. 

[0033] The extract section 236 promotes transparency of the hydrogen gas in a hydrogen permeable film 
234 using the supplied steam. That is, the hydrogen gas generated in the reforming section 232 penetrates a 
hydrogen permeable film 234 according to the hydrogen content pressure deficit of the reforming section 
232 and the extract section 236. So, with this operation gestalt, the hydrogen partial pressure of the extract 
section 236 is set as the extract section 236 by carrying out sequential supply of the steam lower than the 
hydrogen partial pressure of the reforming section 232. 

[0034] Moreover, with this operation gestalt, the total pressure of the extract section 236 is set up more 
highly than the total pressure of the reforming section 232. This is for making it carbon monoxide gas not 
mix into the fuel gas obtained in the extract section 236. That is, if carbon monoxide gas is mixing into fuel 
gas, the catalyst in a fuel cell 100 will carry out poisoning by carbon monoxide gas, and the stable 
electrochemical reaction will be checked. However, if the total pressure of the extract section 236 and the 
reforming section 232 is set up as mentioned above, even when a pinhole exists in a hydrogen permeable 
film 234, it can control that the carbon monoxide gas of the reforming section 232 interior leaks to the 
extract section 236. Moreover, the leaking steam can be used for a reforming reaction (formula (3)) if a 
steam leaks to the reforming section 232 from the extract section 236 through the pinhole of a hydrogen 
permeable film 234. In addition, when a pinhole does not exist in a hydrogen permeable film 234, it is 
desirable to set up the total pressure of the reforming section 232 more highly than the total pressure of the 
extract section 236, and to raise the separation efficiency of hydrogen gas. 

[0035] Furthermore, with this operation gestalt, as shown in drawing 2 , material gas and a steam are 
flowing within the reforming section 232 and the extract section 236, so that it may counter. The hydrogen 
partial pressure in the reforming section 232 is as high as the dovmstream to which the reforming reaction is 
advancing. On the other hand, the hydrogen partial pressure in the extract section 236 has the extract of 
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hydrogen gas as low as the upstream which is seldom advancing. In making the flow of material gas and a 
steam counter as shown in drawing 2 , the downstream part of the reforming section 232 adjoins 5ie 
upstream pMt of the extract section 236 through a hydrogen peimeable film 234. Since the hydrogen content 
pressure deficit in the downstream part (namely, upstream part of the extract section 236) of the reformine 
section 232 becomes quite large at this time, hydrogen gas is efficiently separable. 
[0036] The non-penetrated gas (namely, gas which did not penetrate a hydrogen permeable film 234) 
discharged fi-om the reforming section 232 oxidizes in the combustion section 240 ( drawing 1 ) Carbon 
monoxide gas oxidizes and turns into choke damp, and hydrogen gas oxidizes and, specifically, becomes a 
steam. Thereby, emission to the atmospheric air of the carbon monoxide gas contained in non-penetrated gas 
can be prevented. *^ ° 

[0037] The fuel gas discharged from the extract section 236 is supplied to a condenser 250. A condenser 250 
supphes fioel gas to a fuel cell 100, after condensing and removing the steam contained in fuel gas In 
addition, the water of condensation obtained with a condenser 250 is returned to a water tank 214 
[0038] The oxidization gas supply section 300 ( drawing 1 ) is equipped with the blower 310, and supplies 
the oxidization gas (air) containing oxygen gas to a fuel cell 1 00. 

[0039] A fiiel cell 100 is generated using the fiiel gas supplied from the fiiel gas feed zone 200, and the 
oxidation gas supplied from the oxidation gas supply section. 

[0040] B. hydrogen permeable film: - structure [ of a B-1. hydrogen permeable film ]: - drawing 3 is the 
explanatoiy view showing typically the cross section of the hydrogen permeable film 234 shown in drawing 
1 . The hydrogen permeable film 234 has 5 layer structure so that it may illustrate. Specifically the 
hydrogen permeable film is equipped with one metal base layer La, two metal interlayers Lbl ^d Lb2 
formed in both sides of a metal base layer, and two metallic-coating layers Lcl and Lc2 formed in each 
metal interiayer's external surface. In addition, a metal base layer, a metal interlayer, and a metallic-coating 
layer are formed, respectively by the thickness of about 20 micrometers, about 0.1 micrometers, and about 
0.3 micrometers. 

[0041 ] The metal base layer La contains VA group element. As a VA group element, V (vanadium) and Nb 
Oiiobium) and Ta (tantalum) can be used. The metal middle class Lbl and Lb2 contains the element chosen 
from the inside of nickel (nickel) and Co (cobalt). The metallic-coating layers Lcl and Lc2 contain Pd 
(palladivim). 

[0042] Below, the case where the metal base layer La consists of V, the metal interlayers Lbl and Lb2 
mnf,?^'"',!'''?' ^""^ metallic-coating layers Lcl and Lc2 consist of Pd is explained to an example 
[0043] The hydrogen content child is considered to penetrate a hydrogen permeable film 234 in the process 
as shown m drawing 3 . That is, a hydrogen content child dissociates to two hydrogen atoms in the 1st Pd 
enveloping layer Lcl first. The dissociated hydrogen atom carries out the sequential transparency of each 
class Lcl, Lbl, La, Lb2, and Lc2. And two fransmitted hydrogen atoms are recombined in the 2nd Pd 
enveloping layer Lc2, and turn into a hydrogen content child. 

[0044] Pd which constitutes the metallic-coating layers Lcl and Lc2 has the fimction to make hydrogen 
penetrate while having the catalyst fimction to promote dissociation and recombination of hydrogen so that 
this explanation may show. Moreover, nickel which constitutes the metal middle class Lbl and Lb2 and V 
which constitutes the metal base layer La have the fimction to make hydrogen penefrate. In addition' the 
hydrogen permeability ability of V is considerably superior to the hydrogen permeability ability of Pd 
[0045] By the way, in using the conventional hydrogen permeable film, i.e., the hydrogen permeable film 
with which Pd enveloping layer was formed in both sides of V base layer, as mentioned above, when V and 
Pd are spread mutually gradually, there is a problem that the hydrogen permeability ability of a hydrogen 
permeable fibn will fall with time. Moreover, although diffiision between V and Pd can be reduced when 
using the hydrogen permeable film with which the ceramic interlayer was formed between V base layer and 
Pd enveloping layer, there is a problem that the hydrogen permeability ability of a hydrogen permeable film 
becomes low. This is for a ceramic interiayer making only the hydrogen of a molecule condition penefrate 
1 hat is, before hydrogen penefrates a ceramic interlayer, it once recombines, and afler penefrating it is 
necessary to dissociate again. Furthermore, when joining a ceramic and a metal, while manufacture is 
comparatively difficult, there is also a problem of being easy to generate a crack etc. in a hydrogen 
permeable film by difference of coefficient of thermal expansion. 

[0046] Then, the nickel interlayers Lbl and Lb2 are made to intervene with this operation gestalt, between 
V base layer La and the Pd enveloping layers Lcl and Lc2, as shown in drawing 3 . 
[0047] V and nickel which constitute a base layer and an interlayer have a solid-solution limit mutually 
below at a certam temperature (about 700- about 1000 degrees C). That is, whenever [ dissolution / of nickel 

http://www4.ipdl.ncipi.go.jp/cgi-bin/fran_web_cgi_ejje 1 2/1 6/2005 



JP,2003-1 12020, A [DETAILED DESCRIPTION] 



Page 5 of? 



to the inside of V base layer ] is restricted, and also whenever [ dissolution / of V to the inside of nickel 
interlayer ] is restricted. For this reason, the counter diffusion of V and nickel is controlled. 
[0048] In addition, a "solid-solution limit" means the maximum concentration (saturated concentration) of 
the 2nd element which can be added in the solid-state which consists of the 1st element in a certain 
temperature, a solid-solution limit is looked like [ temperature and the class of two elements ], and responds 
and differs from them. 

[0049] nickel and Pd which constitute an interlayer and an enveloping layer are diffused to some extent 
mutually. However, nickel has like Pd the catalyst function to promote dissociation and recombination of 
hydrogen, with the function to make hydrogen penetrate. For this reason, hydrogen permeability ability 
seldom falls by the counter diffusion of nickel and Pd. 

[0050] In addition, when V and Pd are joined, it is reported that diffusion into Pd of V accelerates under 
hydrogen existence (Journal of Membrane Science 107 and pp 147-153 (1995)). However, nickel interlayer 
is made to intervene between V base layer and Pd enveloping layer with this operation gestalt. For this 
reason, diffusion into Pd enveloping layer which minded nickel interlayer of V under hydrogen existence is 
controlled considerably. On the other hand, since nickel and Pd are diffused to some extent mutually, 
diffusion into V base layer through nickel middle class of Pd may take place. However, since this diffusion 
is comparatively small, it is thought that the hydrogen permeability ability of a hydrogen permeable film 
seldom falls. 

[0051] Thus, if nickel middle class is made to intervene between V base layer and Pd enveloping layer, 
diffusion between V base layers and Pd enveloping layers which could control the counter diffusion 
between V base layer and nickel middle class, consequently minded nickel middle class can be reduced. 
Therefore, it becomes possible to reduce the fall of the hydrogen permeation property by diffusion between 
the metals of a hydrogen permeable film. 

[0052] As mentioned above, the solid-solution limits of V and nickel differ according to temperature. 
Specifically, a solid-solution limit becomes so large that temperature becomes high. A hydrogen permeable 
film is used in many cases at comparatively high temperature (for example, about 300- about 500 degrees 
C). For this reason, if use of a hydrogen permeable film is started, according to that service temperature, the 
counter diffusion of V and nickel will happen and the hydrogen permeability ability of a hydrogen 
permeable film will change with time (fall). For this reason, before starting use of a hydrogen permeable 
film, as for V base layer, it is desirable that it is in the condition which contained nickel more than the soUd- 
solution limit (saturated concentration) in service temperature near the interface with nickel interlayer. 
[0053] Drawing 4 is the explanatory view showing typically nickel concentration distribution [ / near the 
interface of V base layer and nickel interlayer ]. 

[0054] Drawing 4 (A) shows nickel concentration distribution in temperature Tl (almost ordinary 
temperature). Since the solid-solution limit CI to the inside of V of nickel in temperature Tl is quite low, it 
has seldom diffused nickel in V base layer at temperature Tl. 

[0055] Drawing 4 (B) shows nickel concentration distribution in temperature T2 (service temperature: of a 
hydrogen permeable film, for example, about 400 degrees C). The solid-solution limit C2 to the inside of V 
of nickel in temperature T2 is larger than the solid-solution limit CI in temperature Tl. For this reason, 
comparatively many nickel in V base layer is diffused. 

[0056] Drawing 4 (C) shows nickel concentration distribution in temperature T3 (temperature: higher than 
the service temperature of a hydrogen permeable film, for example, about 500 degrees C). The solid- 
solution limit C3 in temperature T3 is larger than the solid-solution limit C2 in temperature T2. For this 
reason, most nickel in V base layer is diffused. 

[0057] In addition, drawing 4 (A) - (C) shows a comparatively short period and the distribution when heat- 
treating for the hydrogen permeable film by each temperature Tl - T3. Here, heat treatment means heat 
treatment of a wide sense, and the processing placed during the predetermined period in ordinary 
temperature is also included, nickel concentration near the interface is almost equal to solid-solution limits 
C1-C3 in V base layer. And nickel concentration distribution in V base layer is becoming small gradually 
along the thickness direction. That is, V base layer contains nickel only near the interface. However, a 
hydrogen permeable film is considered that nickel concentration distribution long to infinity at each 
temperature Tl - T3 which met in the thickness direction in V base layer when carrying out period heat 
treatment serves as homogeneity mostly by concentration almost equal to each solid-solution limits C1-C3 
as the alternate long and short dash line in drawing shows. 

[0058] As shown in drawing 4 (B) and (C), if it heat-treats by the temperature T2 more than the service 
temperature of a hydrogen permeable film, and T3, V base layer will be in the condition that nickel more 

http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 2/1 6/2005 



JP,2003.112020,A [DETAILED DESCRIPTION] 



Page 6 of 7 



than the solid-solution limit (saturated concentration) in service temperature was included, near the interface 
with nickel interlayer beforehand, so that the above-mentioned explanation may show. If it carries out like 
this, since it can control that nickel is further spread in V base layer after the beginning of using of a 
hydrogen permeable film, it becomes possible to control that the hydrogen permeability ability of a 
hydrogen permeable film falls with time. 

[0059] In addition, in drawing 4 , although nickel concentration distribution [ / near the interface of V base 
layer and nickel interlayer ] was explained, the same is said of V concentration distribution. That is, before 
the beginning of using of a hydrogen permeable film, if nickel middle class contains V more than the solid- 
solution limit (saturated concentration) in service temperature near the interface with V base layer, he will 
become possible [ controlling the fall of the hydrogen permeability ability after the beginning of using with 
time ]. 

[0060] B-2. The manufacture approach of a hydrogen permeable film : drawing 5 is a flow chart which 
shows the 1st production procedure of a hydrogen permeable film. At step SI 01, the base layer (foil) which 
consists of V is prepared. V base layer is etched with an alkali solution, and impurities, such as an oxide 
film formed in the fi^ont face, are removed. If it does in this way, the fall of the hydrogen permeability 
ability of the hydrogen permeable film resulting fi-om an impurity remaining can be reduced. Two 
interlayers who consist of nickel are formed in both sides of V base layer at step SI 02. nickel interlayer can 
form by for example, non-electric-field plating and electroplating. At step SI 03, two enveloping layers 
which consist of Pd are formed in each nickel interlay er's external surface. Pd enveloping layer can be 
formed by for example, non-electric-field plating and electroplating. If it does in this way, the hydrogen 
permeable film which has nickel concentration distribution as shown in drawing 4 (A) will be formed. 
[0061] Drawing 6 is a flow chart which shows the 2nd production procedure of a hydrogen permeable film. 
In addition, steps S201, S202, and S204 of drawing 6 are the same as steps SlOl, S102, and S103 of 
drawing 5 . At step S203, where nickel interlayer is formed in both sides of V base layer, heat treatment is 
performed. In nitrogen-gas-atmosphere mind, it is the temperature more than the service temperature of a 
hydrogen permeable film, and, specifically, heat treatment is carried out. In addition, the temperature of heat 
treatment is set up more highly [ about 0-100 degrees C of abbreviation ] than service temperature, and the 
time amount of heat treatment is set up in about 24 hours. Thereby, near the interface in V base layer, nickel 
is spread to the solid-solution limit in heat treatment temperature. If it carries out like this, the hydrogen 
permeable film which has nickel concentration distribution as shown in drawing 4 (B) and (C) will be 
formed. 

[0062] Drawing 7 is a flow chart which shows the 3rd production procedure of a hydrogen permeable film. 
In addition, steps S302 and S303 of drawing 7 are the same as steps S102 and S103 of drawings . At step 
S301, V alloy base layer (foil) containing nickel more than the solid-solution limit in the service temperature 
of a hydrogen permeable film is prepared in V. In addition, V alloy base layer can be easily obtained by 
quenching, after heating to the temperature of for example, an alloy proper, and rolling out. Thus, V alloy in 
the condition of having dissolved can be obtained by quenching, without nickel depositing in V. If it carries 
out like this, the hydrogen permeable film containing V alloy base layer which has nickel concentration 
distribution as shown in drawing 4 (B) and (C) with an altemate long and short dash line, i.e., V alloy base 
layer which has almost uniform nickel concentration distribution along the thickness direction, will be 
formed. Here, almost uniform nickel concentration distribution means the distribution to which nickel 
concentration value in each field in a base layer turns into about 90% or more of the greatest nickel 
concentration value along the thickness direction. 

[0063] in addition, in drawing 6 , heat treatment is carried out, after forming nickel interlayer --**** (step 
S203) - after forming nickel interlayer similarly in drawing 5 R> 5 and drawing 7 , it may be made to heat- 
treat. Moreover, in drawing 5 - drawing 7 , it replaces with heat treatment after interlayer formation, or may 
be made to heat-treat after Pd enveloping layer formation with this. 

[0064] By the way, nickel concentration distribution in a base layer is measurable as follows, for example. 
That is, when nickel exists only near the interface of a base layer and the middle class, it is desirable to 
measure using Auger electron spectroscopy (AES: Auger Electron Spectroscopy). Moreover, when nickel 
exists by almost uniform concentration distribution along the thickness direction of a base layer, it is 
desirable to measure using an electron probe micro analysis method (EPMA:Electron Probe Micro 
Analysis). Or you may make it measure combining a scanning electron microscope (SEMiScanning Electron 
Microscope) and an energy dispersion form X-rays spectroscopic analyzer (EDX:Energy Distersive X-ray 
spectrometer). 

[0065] As mentioned above, although this operation gestalt explained the case where V, and nickel and Pd 
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were used, it replaces with V, and you may make it use Nb and Ta which have the same property as this it 
replaces with nickel, and you may make it use Co which has the same property as this. Also in this case,' 
similarly, since it is applicable, detailed explanation omits the above-mentioned explanation. 
[0066] As explained above, the hydrogen permeable fibn of this operation gestalt With two metal interlayers 
Lbl and Lb2 containing the element which was formed in the both sides of two fields, the metal base layer 
La containing VA group element, and the metal base layer La, respectively, and was chosen fi^om the inside 
of mckel and Co It was formed in the field in which the two metal middle class' metal base layer is not 
formed, respectively, and has two metallic-coating layers Lcl and Lc2 containing Pd. If such structure is 
adopted, diffusion between the metal base layers and metallic-coating layers which could control the counter 
diffusion between a metal base layer and the metal middle class, consequently minded the metal middle 
class can be reduced. Therefore, it becomes possible to reduce the fall of the hydrogen permeation property 
by diffusion between the metals of a hydrogen permeable film. 

[0067] In addition, with this operation gestalt, although the hydrogen permeable film has 5 layer structures 
of Pd-nickel-V-nickel-Pd, it may have the three-tiered structure of Pd-nickel-V, for example. 
[0068] Namely, generally, the hydrogen permeable film was formed at least in one side of the two fields, the 
metal base layer containing VA group element, and a metal base layer, between two fields, the metal middle 
class contaming the element chosen fi-om the inside of nickel and Co, and the metal middle class, was 
formed in the field in which the metal base layer is not formed, and should just be equipped with' the 
metallic-coating layer containing Pd. 

[0069] In addition, this invention can be carried out in various modes in the range which is not restricted to 
the above-mentioned operation gestalt and does not deviate fi-om that summary, for example, the following 
deformation is also possible for it. 

[0070] (1) Although the combustion section 240 for processing the carbon monoxide gas generated at the 
reforming reaction is formed in the downstream of the reforming section 232 with the above-mentioned 
operation gestalt ( drawing 1 ), it replaces with this and you may make it prepare the shift section and CO 
oxidation section. In addition, the shift section generates hydrogen gas and the choke damp fi-om carbon 
monoxide gas and a steam. CO oxidation section oxidizes the carbon monoxide gas which is not processed 
in the shift section, and generates the choke damp. Thus, when preparing the shift section, you may make it 
prepare a hydrogen permeable film in the shift section. In addition, if the hydrogen gas obtained in the shift 
section is made to join the fiiel gas discharged fi-om the extract section 236 and a fiiel cell 100 is supplied, it 
will become possible to r^ise the use effectiveness of hydrogen gas. 

[0071] (2) Although the fuel cell system is equipped with the fuel gas feed zone 200 which generates the 
fuel gas which contains hydrogen gas using a methanol, it is replaced with this and you may make it 
equipped with the fuel gas feed zone which generates the fuel gas which contains hydrogen gas using other 
alcohol, natural gas, a gasoline, the ether, an aldehyde, etc. with the above-mentioned operation gestalt. 
Generally, as a raw material, the various hydrocarbon system compoimds which the hydrogen atom 
contained can be used. Also in this case, if a hydrogen permeable film is used, it will become possible to 
raise the purity of hydrogen. 

[0072] Moreover, although the fuel cell system is equipped with the fuel gas feed zone 200 which generates 
hydrogen gas by reforming a methanol, it is replaced with this and you may make it equipped with the fuel 
gas feed zone which obtains hydrogen gas from a hydrogen storing metal alloy, a hydrogen bomb, etc. with 
the above-mentioned operation gestalt. Also in this case, in order to raise the purity of hydrogen, a hydrogen 
permeable film is applicable. 

[0073] (3) With the above-mentioned operation gestalt, although a hydrogen permeable film 234 is self- 
supported film, it may be formed on the base material. As a base material, porosity members which can 
penetrate hydrogen gas, such as an alumina and a sintered metal, can be used. 
[0074] (4) Although the above-mentioned operation gestalt explained the case where the hydrogen 
permeable film of this invention was applied to the fuel cell system which uses the fuel cell of a solid-state 
macromolecule mold, it is applicable also to the fuel cell system using the fuel cell of other types. Moreover, 
it is also possible to apply a hydrogen permeable film to a hydrogen refiner. 
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mm-w'^^^im^^^mm^m^^i.x\^^^. ^(d 

/ca6. N i P d ^(DtBSi£t!i:{cJ:oT. 

[0 0 5 0] V tP d ttt^m-^^^Xi^^m-tii^ 

30 (i, 7K^^?tTt-ib^v>T. vop d 43--<7)i[z:tfi:;05^P5ii- 

S w ^;6^S^$tLTV^5 (Journal of Membrane Scienc 
e 107.(1995)ppl47-153 ) « L;S=^Lnc;65 5js:||iS?l^|g 

N i ffFRlg^:^M.fcP d^aS'^p-^Otean. ;6^ne«9fli 

-t^fz^. p d(DN i ^mm^^i.tzv^—:^m'p^(D 

40 7^c^v^<^%;;t^;^^5o 

[0 0 5.1] :i<DXv{c^ v-<'-y^mtp d^mmt<D 
m\zN i ^mm^^^^^fi\t. v-<-;^s<j:n i 

N i ^mm^ifVi.tiv^-::<mtp dmmmt(Dm(Dm 

50 f)m<ti:^\^t*±^<fj:^, **SiSIK»l. it®&5iSVN 



(6) 
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[00 5 3] HI 4 ji. v-<—y^m t N i ^r«^^ t (D^m 

[0 0 5 4J |gl4 (A) it. U&Tl (m^'^U) 

[0 0 5 5] 1214 (B) (1. mMT2 (TK^^ig^tT^ffi 

mm^ : fi«j;tf^. *t)4 0 ot:) (c^oJt^N i 

fci^. N at. V-<-;^grttcM:gj6ti^<l£ifi[L.Ti/N 20 
[0 0 5 6] lg)4 (C) li. iaST3 (*:5gSaaMOffi 

m^EMt:^hm\^^^MM : mA.it. *^5oot:) td^ott-s 

[0 0 5 7] Tiio, 1214 (A) - (C) (1. 7K*3gigM 
l-C3^^5^^^U<^feoTV^^o -€:bT. V-<->^g 

f-. #@^PIC l-C 3fCi5tr^LV>SgT'tJt^i$|-i: 

[0 0 5 8] ±m<Dmm^^c^^:6-^xo\z. m4 4o 
(B) , (c) ioT^-rj:9tc, ^*!>. ^mjiiaai<3oi£ffi 

it. i< i ^mmt<D^^i5:mc. i^m^^ic^it^m^ 

[0 0 5 9] /^*d\ Sl4-Cfi. V^-:!^mthi i^mm 
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[00 6 0] B - 2 . i^mm'&m(Dmm.^m .m^it. 
m\z.. \xmi&^f\^i>2-D(D^mmtm^^f\.^o n 

oTffM'eTggT'fe^o ;^x:y>^S 1 O 3Xit. i 4" 

mm(o^mz. v dxm^^k\.^2-D(D^m.mtmi&^ 

oti;iJ:orjf^fignIi^T'^5o rcoj: 9lci-tb*^. 1114 

[ 0 0 6 1 ] |gl 6 . 2 Of^iS^JiIl^^ 

i-:7n— ^-t— hT'fe^o J^cCicS, Il]6cO>«.7^^;/:/S 2 0 

1, S 2 0 2, S 2 0 4J;±, IIl5C0;^7":y>^S 1 0 1, 
SI 02. SlO^tm^X-hho :^7^ix:/S 2 0 3T- 

it. v^-y^m<Dmmzn i ^mmmm^f\^fz.m& 
x\ mt^mtm-^^^. M.^mz,it. mm^mmz^\^^ 
X. ii^mmm^<o^m\^u±.<o^x\ m^mtmm 

t>*^o-^i 0 ox:;^<^^^tL. Hft^sicop^PR^ji, firj 
;tf^. m2 A^iiiz.m'&^ti^o v-<->^ 

-^xmk't^o zo^-tfx^it. mA (B) . (c) {c^i- 
[0 0 6 2] mat. *5gSiaK<o^ 3 (^^f^si^m^^ 

i-:7P— '^^^ hT-foSo 'feiJ. ^7(7);^7^-/7's 3 0 

2. S 3 0 3{i. I1150X7"-/:7'S 1 0 2, S103^ 
i^CT'^^o ;^7^^yy^S 3 0 IT'ii. Vrtt;i7K^iliaM 

:it\:LX.^xmB\^n^ztt^X^^. r<oJ:5tc^^ft 

m(Dw^^^m^-tt^x^^. -b-tf\^it. m4 
(B) , (c) \z.-.^Mmx7r^'rt:ofj:i^ 
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10 0 6 31 >:^io. nier-ii. N i^mmi:m^Lfzm: 
\zBmmt>mm^tix\^^^ (;^7^y7^s 2 0 3) T^fK m 

[0 0 6 4] tz^x\ ^—:^m^^(r)Nim^^^i:^. 

its ^—i^=^m'¥-^^& (AES : Auger Electron Spe 
ctroscopy ) >TSfJ^i-5 ^ ^ \ ^fz. 

-<-:^m(om^:^\^{:ir^oxm^i^-ti:n^^^xN i 

PMA : Electron Probe Micro Analysis ) ^ffiV^TiO 

(SEM : Scanning Electron Microscope) 
—i^WcmxB^Vr&B: (EDX : Energy Distersive X- 
ray spectrometer ) t ^B^^^iD'^XM^'t^ X 0 \Z. 20 
l.XhX\^\ 

[006 5] ji. ^mmmmxit. v ^ n i ^ p d 

^m^^^m^{z-D\^^xmm\.fz^\ vt^ft;tT. mi: 

[00 6 6] &.±mm L^tzx 0 ic, ^^^^^.(Di^mm. 

— ;^gL a CD2oO®<7:)^:^tC-^tL-^*n?fJfiJc^n. Ni 30 
tCo t(Doiot^ hmiR^MzTtm^^ts 2 oO^jgcf' 
f^m Lbl, Lb2i:. 2 OO^JRc^Hg(7)^JR-<— 

m'f)mm.^f\.x\^^fi:\^m\z^ti'^timf&^th^ p d 

tP2o(7)^m*SS^L c 1, Lc 2<!:. ^^fS;tTV^^, 

^^tr--^mttj:^o ^40 

[00 6 7] 2|s:^jB£?f^^T^fi:. TKm^iil^fl. P 

d-N i -V-N i -P d60 5g«ag^WbT\/^5;^»^ 
fi?*Jx.f^. Pd-N i -V03gffiag^^UTV^Tt J: 

[0 0 6 8] 'rfj:t>'h. -mz. Ti^mmmmit. vAm 

o'h(o<j^fj:< th—:fj{zmi^^ti. N i tco t<D^h 

^^^mn^tifzTtmtr^ts^m^rumt. ^m^pmmco 
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[00 6 9] ?iio. z(D^m\t±^(ommmm\zmhti 

[00 7 0] ( 1 ) ±t^mmmm m i ) xit. 

2 3 2<DTWLm\z\t. ^wm,jt^x±^:^ivtz-mitmm 

:^:^i:^mi-^fzi^(OmimU2 4 Oib^W^htiXyr^^ 

:Ln\zrt^x. hut comity t^mf^x 

^«ttigi52 3 6f)-(bmi^^^tl^mn^^t^m.^^x. 

[0 0 7 1] ( 2 ) ±mmmmmxn. ^nmmi^:^'r 
^'r^mM0y^m^^2oo^mA.x\,^^tK rntiift 

±&i-^mn:^:^m^^^m^^xo\zL.xhx\^\ ^ 
j^i^ti.x\t. 7kmm^t^^m^infzm^(Dm^t 

[0 0 7 2] ^ti. ±^mMmmx\t. m^mmiy:^'r 

-t^mn:^:^m$U2 0 0^mK,X\^^^^K Zti{ziX:t 

mm:^^m'i^u^m:t^xo\ci.xhx\^\ rcDj:^/^ 
m^\zh. 7i<im(Dm.mi:\^±^^^tzi^\z^ yt^mmi^m 
^mm-^mxh^o 

[00 7 3] ( 3 ) ±mmmj^mx\t. 2 3 

4ti. S3i!fT'^6;6^ mU±\zm^^tiX\^^xhX 

[0 0 74] (4) ±mmmmmxi'i.. mi^m^^r-mcD 
m^mmir^m^{c-:>\.^xmmi.tztK m.<r>^^^<om 

xh^o 

m.mm^^Tfk'tmmmxh^o 

Am 2 1 mn:^:^±^n 230 (D-m^^^-rwimmxh 
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ims] mi ic^i-TK^sigK 2 3 4 <omm^m^^\z 

2 0 0 •*?^?4?t/x«j^as 
2 1 2-'mn^i^^ 
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